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Abstract 
This study investigated gender differences in problem-based gaming with peer scaffolding on engagement in double-loop 
learning (DLL) and performance in the sub-dimensions of science process skills, namely, observing, classifying, inferring, 
predicting, controlling variables, making hypothesis and experimenting. A complex video game was chosen and a quasi-
experimental study involving 60 fifth grade students in two groups of single-gender peer scaffolding and individual was 
employed. Overall the peer scaffolding group engaged in significantly more DLL cycles than the individual group. Further 
analysis found that boys in both the individual and single-gender groups engaged in significantly more DLL cycles than girls. 
Also, single-gender peer scaffolding significantly increased engagement in DLL for girls and performance in the sub-dimension 
of experimenting for boys. 
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1. Introduction 
Science process skills are “a set of broadly transferable abilities, appropriate to many science disciplines and 
reflective of the behaviour of scientists” (Padilla, 1990) and are classified into two levels: basic and integrated. 
Basic science process skills consist of observation, communication, classification, measuring with numbers, 
inference, prediction, and using the space-and-time relationship. Integrated process skills consist of interpreting 
data, controlling variables, defining operationally, making hypotheses, and experimenting. Together they form the 
necessary cognitive skills for excellence in science at the primary school level. The teaching of these skills is 
founded on the interpretation of the Piagetian theory (Adey & Harlen, 1986) employing the concepts of assimilation, 
accommodation and schemata construction. Basic process skills are associated with assimilation where a new event 
or object is fitted into an existing scheme, while integrated skills are associated with accommodation in which the 
existing scheme needs to be modified or recreated in order to account for each new object or event. Based on 
Piaget’s stages of cognitive development, basic skills can be fostered in the early stages of cognitive development, 
while integrated skills are to be introduced later at the stage of formal operational development (King, 2011).  
The modified problem-based gaming (PBG) model (Rahmani et al., 2012) was employed to explain and illustrate 
the mechanisms of cognitive engagement in playing computer games. The original PBG model was proposed by 
 
* Corresponding Author: Raheleh Rahmani. Tel.: +6-017-413-1412       
   E-mail address: rahelrahmani@gmail.com 
Available online at www.sciencedirect.com
© 2013 The Authors. Publish d by Elsevier Ltd.
Selection and/or peer-review under r sponsibility of Academic World Education and Research Center.
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
4104   Raheleh Rahmani and Merza Abbas /  Procedia - Social and Behavioral Sciences  116 ( 2014 )  4103 – 4107 
Kiili (2007) but was modified to reintegrated the pedagogical elements suggested by Piaget (i.e., assimilation, 
accommodation and schema construction) and Vygotsky (i.e., peer scaffolding). The modified model suggested that 
the games could be played at the surface level through single-loop learning (SLL) or at the deeper levels of 
exploration and engagement through double-loop learning (DLL). Since engaging in DLL in a game can be 
challenging and time consuming, it could benefit from additional external inputs such as peer scaffolding.  Peer 
scaffolding has been shown to be a catalyst for deep processing (Wertsch et al., 1991; Jeris, 1997) and earlier study 
by Rahmani et al. (2012) also demonstrated that employing peer scaffolding in PBG improves engagement in DLL.  
2. Gender differences in science and puzzle games 
Brain studies have reported many differences between boys and girls in collecting, processing, and using 
information. Girls are better at multi-tasking while boys are visually oriented and outperform girls in spatial abilities 
(Nettleton, 2008). These differences further extend to performance in science and mathematics (Halpern et al., 2007) 
but the findings are conflicting. Yen et al. (2004) studied learning behaviours of 1304 pupils aged 6-7 years and 
concluded that there was no significant difference by gender. Liew et al. (2005), however, reported that boys 
performed significantly better than girls in mathematics and science while Awang and Ismail (2009), reviewing 
performance in TIMMS among 5314 students of eighth grade comprising 3071 girls and 2243 boys reported that 
girls significantly outperformed boys in mathematics.  
Studies in video game playing demonstrated a significant gender bias favouring the boys (Nettleton, 2008; 
Dondlinger, 2007). Nettleton (2008) reported that girls did not like to participate in quick, right-hemisphere 
activities in computer games while the boys stored trivia for a longer time than girls and talked about each level of 
video games, and juggled details and each character for a long time. The boys were also more goal-oriented than the 
girls while playing and were absorbed in the game and focussed on one goal at a time. In general, the boys were 
more active and peer oriented. However, other studies argued that the gender differences were more attributed to 
experience and exposure to video games, rather than some innate or biological differences (Hayes 2005; Terlecki 
and Newcombe 2005; Terlecki et al. 2007). In this regards, preference and attitude play a big role. Boys have more 
positive attitudes toward games while girls’ motivation and self-confidence in using technology are less which 
caused them to have less interest in video games (Escofet and Rubio, 2004). Dawson et al. (2007), however, 
explained that most video games have competitive structures and are thus more of “boys’ toys” that are played for 
“winning” and achievement of personal gain and satisfaction and are naturally unattractive to girls who engage more 
for social interaction and building relationships. Studies show that girls prefer to play strategic, life simulation, 
puzzle, logic and skill-training games (Quaiser-Pohl et al., 2006, Dawson et al. 2007).  
Games used for teaching belong in the categories of puzzle or simulation. They can range from simple one-
solution game or complex multi-solution paths that require the skills inquiry and all the dimensions of the science 
process skills to complete. These games would fulfil the need to win challenge expected by the boys and also the 
strategic and logical challenge for the girls. Extending from the previous study by Rahmani, Abbas and 
Alahyarizadeh (2012), this study investigated the performance of the students in DLL and the sub-dimensions of 
science process skills after engaging in an inquiry-based video game by gender. Hence, the following hypotheses 
were proposed: 
 
H01: For each treatment, there is no gender difference in engagement in DLL cycles. 
H02: For each gender, there is no difference in engagement in DLL cycles by treatment. 
H03: There are no significant differences in performance in the sub-dimensions of science process skills by 
treatment for each gender. 
3. Method 
A quasi-experimental study involving two intact classes of 60 male and female fifth grade pupils was employed. 
One class was assigned to play individually and the other in pairs, with pupils choosing their own partners of the 
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same gender. A verification of the students’ achievement in science revealed significant differences between the 
classes but no significant differences by gender within the classes. Thus, the students’ science achievement scores 
were used as covariate for analysis by treatment. The independent variable of this study was single-gender peer 
scaffolding, and engagement in DLL, and performance in sub-dimensions of science process skills by students were 
the dependent variables.  
The instruments consisted of a game-playing log to record reward points for each level of the game and the Ohio 
achievement assessments of science (2007) for grade 5 with reliability index of 0.86 (AIR Technical Team, 2008) 
for evaluating student performance in science process skills, each item of the test was classified into sub-dimensions 
science process skills including observing, classifying, inferring, predicting, controlling variables, making 
hypotheses, and experimenting. For playing sessions “Crazy Machines Elements”, a gender-neutral puzzle game 
was chosen. The students completed 35 levels of the game without the teacher imposing on how deeply each level 
was to be completed. 12 of the levels required SLL processing while 23 levels required DLL processing with a total 
of 229 nuts or reward points to be collected. As they played the game, the students were required to log their reward 
points collected for each level in the game-playing log. Reward points higher than 175 were indicated as DLL level 
of processing. The students completed all required levels in 10.5 hours. The level of significance was set at p = 0.05. 
4. Results and Discussion 
ANOVA was employed to test the performance of students in DLL by treatment and ANCOVA tests were 
employed to test the performance of students in sub-dimensions of science process skills. A set of primary analyses 
were carried out to check the assumptions of ANOVA and ANCOVA, namely, normality, linearity, homogeneity of 
regression slopes and independence of covariate and treatment, and all these assumptions were met. 
 
a) Performance in DLL by treatment and gender 
 
H01:  For each treatment, there is no gender difference in engagement in DLL cycles. The One-way ANOVA 
test shown in table 1 reported F(1, 33) = 17.41 at p = 0.000 for peer scaffolding group and F(1,25) = 16.012 at p= 
0.001 for individual group. As p values were less than 0.05, the null hypotheses were rejected for both treatments, 
indicating that boys significantly outperformed girls in both groups. For single-gender peer scaffolding group the 
reward points of both genders were greater than 175, indicating that both genders were engaged at the DLL cycles of 
processing in peer scaffolding group but for individual group only boys played at DLL. This finding is consistent to 
previous research that boys have greater competence and higher access level in playing digital games than girls 
(Escofet et al., 2004). However some studies (Hayes, 2005; Terlecki et al., 2005; Terlecki et al., 2007) discuss that 
gender differences are more related to experience and exposure to video games rather than innate differences. As it 
was previously discussed, lack of motivation of girls can cause to less “immersion” in the game and less motivation 
to “win” (Dawson et al., 2007; Hartmann 2003; Hoeft et al., 2008; Williams et al. 2009, Terlecki et al. 2011). 
 
Table 1. Mean Scores, standard deviations and p values on performance in DLL of each treatment by gender 
 
Performance in DLL of each treatment by gender 
Treatment Gender N M SD ANOVA 
Peer scaffolding Girls 18 178.50 10.66 F(1,33)= 17.41 p = 0.000 Boys 16 197.12 15.20 
Individual Girls 14 168.64 15.09 F(1,25)= 16.012 p = 0.001 Boys 12 190.17 11.78 
 H02:  For each gender, there is no difference in engagement in DLL cycles by treatment. The One-way 
ANOVA test shown in table 2 reported F(1, 31) = 4.691 at p = 0.038 for girls and F(1,27) = 1.729 at p = 0.200 for 
boys. The p value was less than 0.05 for girls but not for boys indicating that single-gender scaffolding was effective 
only for girls to improve their level of engagement in DLL. It is in agreement with the study by Anguita and Ordax 
(2000) which indicated that cooperation stimulated girls more than boys to work with computer. 
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Table 2. Mean Scores, standard deviations and p values on performance in DLL of each treatment by gender 
 
Reward point by treatment for each gender 
Gender Treatment N M SD ANOVA 
Girls Peer scaffolding 18 178.50 10.66 F(1,31)= 4.691 p= 0.038 Individual 14 168.64 15.09 
Boys Peer scaffolding 16 197.12 15.20 F(1,27)= 1.729 p=0.200 Individual 12 190.17 11.78 
b) Performance in sub-dimensions of science process skills by treatment and gender 
 
H03: There are no significant differences in performance in the sub-dimensions of science process skills by 
treatment for each gender. Table 3 shows the mean scores, standard deviations, and results of the ANCOVA tests 
for performance of students in sub-dimensions of science process skills by treatment for each gender. The data was 
split by gender and analysed for the effect of treatment on sub-dimensions of science process skills. The results of 
ANCOVA tests accepted the hypothesis for total score as F(1,29) = 0.195 at p = 0.662 for girls and F(1,25) = 0.497 
at p = 0.487 for boys. No significant differences in performance were found in the sub-dimensions of science 
process skills by girls in both treatment groups but boys in the scaffolding group reported significantly higher 
performance in sub–dimensions of experimenting. These findings are in contrast with previous research that claimed 
that girls benefitted as much as boys in indirect learning from games (Joiner, 2010) or even more (Connor et al., 
1977; Quaiser-Pohl & Lehmann, 2002). However it seemed that the frequency of DLL was the main factor to 
improve science process skills as they engaged more in DLL cycles and the superiority of boys in experimenting 
causes from their more engagement in DLL not their gender. 
 
Table 3. Adjusted mean, standard deviations and p values on sub-dimensions of science process skills by treatment for each gender 
 
   Girls Boys                               
Science process skill  Treatment  N M SD ANCOVA  N M SD ANCOVA 
Observing  Peer scaffolding  18 1.892 0.85 F(1,31)= 0.265 p= 0.611 
 16 2.375 0.92 F(1,27)= 0.011 
p= 0.918 Individual  14 2.067 0.90  12 2.333 0.97 
Classifying Peer scaffolding  18 4.644 1.14 F(1,31)= 2.278 p= 0.142 
 16 4.653 1.36 F(1,27)= 0.634 
p= 0.433 Individual  14 5.315 1.16  12 5.129 1.42 
Inferring Peer scaffolding  18 1.703 1.10 F(1,31)= 1.574 p= 0.22 
 16 2.229 0.84 F(1,27)= 0.009 
p= 0.924 Individual  14 2.239 1.12  12 2.194 0.87 
Predicting Peer scaffolding  18 1.281 0.59 F(1,31)= 0.102 p= 0.752 
 16 1.787 0.44 F(1,27)= 0.176 
p= 0.679 Individual  14 1.353 0.60  12 1.867 0.45 
Controlling 
variables 
Peer scaffolding  18 6.575 2.25 F(1,31)= 1.951 
p= 0.173 
 16 6.758 2.44 F(1,27)= 0.473 
p= 0.498 Individual  14 5.332 2.32  12 7.490 2.53 
Making hypothesis Peer scaffolding  18 4.523 1.61 F(1,31)= 0.294 p= 0.592 
 16 4.761 1.40 F(1,25)= 3.343 
p= 0.079 Individual  14 4.184 1.65  12 3.651 1.45 
Experimenting Peer scaffolding  18 3.385 2.04 F(1,31)= 0.463 p= 0.501 
 16 4.254 1.08 F(1,27)= 5.237 
p= 0.031 Individual  14 3.934 2.09  12 3.161 1.14 
Total score Peer scaffolding  18 26.702 5.56 F(1,31)= 0.195 p= 0.662 
 16 29.408 5.04 F(1,27)= 0.497 
p= 0.487 Individual  14 25.740 5.69  12 27.872 5.20 
 
5. Conclusion 
The study found that single-gender peer scaffolding strategy was effective in increasing DLL among girls but not for 
boys. However, the single-gender peer scaffolding strategy was not effective for enhancing science process skills 
among girls but was partially effective for boys. This study was conducted using a very small sample, thus caution is 
in order in generalizing the findings. Further studies should investigate the roles of motivation and experience in 
engaging in games for instructional purposes among genders.  
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